In 2005, a 550-acre tract of agricultural land containing two small streams near La Grande, Oregon was registered in the U.S. Federal Wetlands Reserve Program. This designation was part of a plan to reclaim and restore the wetland to its natural state. Initial efforts at the End Creek Restoration Project restored both End Creek and South Fork Willow Creek to a natural course through rechanneling, and several plantings had restored some of the native flora. Since its establishment, the End Creek streams and floodplain have become a reserve for summer steelhead (Oncorhynchus mykiss), a threatened anadromous salmonid, and many migratory birds. The threatened Columbia Spotted Frog has also established itself in some of the ponds. As part of an effort to establish a baseline for water quality, we monitored total springtime coliform and fecal coliform bacteria in three of the End Creek ponds for three years. The results of this study indicate that, throughout any given spring, the numbers of both coliform and fecal coliform bacteria can fluctuate markedly among ponds on any given day, and that in any particular pond the numbers fluctuate from week to week. In addition, our analysis suggests that in early spring, the numbers of these organisms also fluctuate from year to year. The causes of these fluctuations are not well understood, but are expected to reflect both springtime flooding and the migrations of source animals such as waterfowl and cervids. Information gathered from this study will help inform future management activities on the wetland. 
Introduction
Historically, wetlands in the U.S. have been degraded in many ways, the most common being drainage, watercourse alteration, overgrazing by cattle, chemical pollution, and contamination with raw sewage. Of the potential disruptions to wetlands, affluent human or animal sewage has particular bearing on human health because of the infectious agents that can be harbored in the contaminated waters. This is especially true of wetlands that are used by humans for recreation, drinking water, or domestic livestock because numerous pathogens can be transmitted by raw sewage. These include enteric viruses, enteropahtogencic bacteria such as Salmonella and Shigella, and a variety of protozoan pathogens including Giardia species, Encephalitozoan intestinalis, and Cryptosporidium parvum [1] - [4] . Amongst the bacteria found in raw sewage are the fecal coliforms, which normally reside in vertebrate intestines. As part of the "native flora", these microorganisms are thought to survive for only short periods of time outside the vertebrate body, and fecal coliform presence in waterways is assumed to represent recent or ongoing fecal contamination [4] [5] . Because their presence in waterways indicates the presence of vertebrate feces, they are used as indicators of fecal contamination in aquatic systems. Fecal coliforms have also been studied in a broader ecological context with a view toward assessing the state of human fecal contaminants in watersheds and wetlands (for example, see [6] - [9] ). This is because in addition to human health effects, extensive fecal contamination through human sewage or domestic animal waste can cause eutrophication events that adversely influence aquatic ecosystems, causing algal and/or cyanobacterial blooms that release toxic substances into the water and increase the biological oxygen demand, killing fish and aquatic invertebrates [10] - [12] . As a result, fecal coliform monitoring is often used to track sewage influx during assessment of wetlands (for example, see [4] [7] [13] [14] ).
In recent years, significant strides have been taken toward protecting and restoring damaged wetland ecosystems in the U.S. One such restoration effort is the End Creek Wetland Restoration Project near La Grande in Northeast Oregon. Initiated in 2006, this project aims to restore a 550-acre farm to its natural state. As part of this effort, the land was enrolled in the Wetlands Reserve Program that same year, which guaranteed permanent protection from future development. The project includes eight ponds and two small creeks (Figure 1) . The three ponds sampled in this study vary in water source and topography. The East Pond is fed by ground water and over-bank waters from nearby Willow Creek. The South Pond is fed by a spring, and the Middle South Pond is fed by ground water. The site is host to many native plants and animals, and the East Pond hosts a population of the endangered Columbia Spotted Frog (Rana luteiventris). The End Creek wetland is fed by drainages that pass through heavily grazed public and private lands. Deer and elk frequent the surrounding terrain, and a large variety of waterfowls utilize the waters. Thus, the potential for fecal contamination of the End Creek waters is high. In order to assess the fecal contamination, springtime coliform populations were monitored in the three End Creek ponds mentioned above. This has allowed us to establish a Total Coliform and a Fecal Coliform baseline to serve as reference for future water quality investigations.
Methods
Collection: Between 2009 and 2011, each pond was sampled between mid-February and mid-May. Exact dates varied from year to year. Water samples were collected from two different locations in each pond (Site 1, Site 2, etc.; Figure 1 ). Samples were collected in sterile 250 ml polypropylene bottles. One bottle was collected from each site. Care was taken not to disturb sediments in collection zones during collection. Latitude Membrane filtration: After collection, all samples were immediately transported to the laboratory at ambient temperature in a backpack. A standard membrane filtration approach was then applied to load the samples onto membrane. Briefly, 150 ul of each water sample was added to 50 ml of sterile water in the sample reservoir connected to a filter funnel containing a 47 mm GN-6 (0.45 uM-Pall Corporation) filter that is able to block and retain bacteria such as Escherichia coli. Vacuum was applied until all liquid passed through the filter.
Cultivation: Filters loaded with samples were transferred by sterile forceps to either Eosine Methylene Blue (EMB) or MacConkey's agar plates. Three plates were prepared from each site and incubated at 37˚C for 48 hours. After 48 hours at 37˚C, the agar plates were removed from incubation and positive colonies were counted after 48 hours. EMB is a differential and selective medium commonly used for detection of coliform bacteria, including Escherichia coli [15] [16] . It employs the selective agents eosin Y and methylene blue to restrict growth of gram-positive organisms, usually used to detect coliform bacteria from water and food sources. The coliform organisms produce dark purple colonies due to the acid produced from fermentation of the dimeric sugar lactose. On EMB agar, Escherichia coli, Enterobacter aerognes, and some Citrobacter species will form a green metallic sheen over the dark purple colony. Because there is some indication that the ability to positively identify Fecal Coliforms like Escherichia coli can vary significantly on EMB medium [15] [17], we used MacConkey medium to obtain a more accurate estimate of Fecal Colifom populations (primarily E. coli and Enterobacter aerogenes). MacConkey Agar is a selective and differential medium often employed to detect Fecal Coliforms, especially E. coli. While not commonly used in environmental testing strategies, MacConkey Agar is a stringent indicator of the Escherichia coli and Enterobacter aerogenes found in populations of coliforms derived from raw sewage (the so-called Fecal Coliforms [4] [15]- [17] ). It contains bile salts, lactose, crystal violet, and neutral red. The bile salts select for those enteric bacteria that can survive high concentrations of bile salts found in the gastrointestinal tract. Enteric bacteria that are able to ferment lactose (lac+) induce a pH change that causes bile salts to precipitate and neutral red to accumulate in the colony. Colonies producing a deep pink color are presumed Enterobacter aerogenes and those producing deep red color and a zone of precipitated bile are presumed Escherichia coli. Both colony types were counted and counts combined for enumeration of the Fecal Coliform population.
Results
Variation of Total Coliform and lactose positive Fecal Coliforms (E. coli and Enterbacter aerogenes) between ponds: Each pond was sampled in two locations, each location was loaded onto three membrane filters, and the two locations were combined to obtain the average estimates of coliform load for each pond. Total Coliform and Fecal Coliform springtime numbers vary from year to year: Sampling over a consecutive three-year period provided the opportunity to generate a multi-year baseline for Total Coliform and Fecal Coliform numbers in the three study ponds. Results for the mid-spring collection date (late March-early April of each year) are shown in Figure 3 . Single Factor Analysis of Variance (ANOVA) shows that with Total Coliforms there is not a significant difference from year to year in the South Pond (F = 0.7, F crit = 3.7). As with the South Pond, the East Pond exhibited no significant differences from year to year in the Total Coliform counts (F = 2.4, F crit = 3.7); however, in the Middle South Pond there were significant differences from year to year (F = 49.2, F crit = 3.7). Fecal Coliform numbers also varied, sometimes dramatically, from year to year. Single Factor ANOVA showed significant differences from year to year in the Middle South Pond (F = 7.4, F crit = 3.7) and the East Pond (F = 33, F crit = 3.70, with no significant difference in mid-spring from year to year in the South Pond (F = 1.5, F crit = 3.7).
Variation of Total Coliform and lac + Fecal Coliforms (E. coli and Enterbacter aerogenes) in each pond during a given spring: Inspection of Figure 2 shows that in most cases the averages do vary greatly and while the error bars often overlap, ANOVA tests show that in many cases a given pond yields significant differences in both Total Coliform and Fecal Coliform on different dates (data not shown). Exceptions in which coliform numbers did not vary significantly in a pond over the sampling period are: 2010 Total Coliforms in the South Pond (F = 2.9, F crit = 3. 
Discussion
Wetlands management in the United States has become more common in the past two decades with the implementation of the North American Wetlands Conservation Act of 1989, and many agencies and conservation coalitions have invested significant effort in wetlands restoration. Monitoring water quality in restored ecosystems is a critical aspect of these management projects, and fecal contamination, with its attendant influx of organic matter and pathogenic microbes, is one of the important measures of water quality. Because of this, we monitored springtime coliform populations for three years to establish a base line for the coliform load at the End Creek Restoration Wetland. Since the total population of coliform bacteria is comprised of a variety of soil bacteria in addition to fecal coliforms found in raw animal waste, we utilized an approach that allowed us to detect colony-forming units (CFU) for both Total Coliforms and Fecal Coliforms. The Total Coliform numbers ranged from 8 -344 CFU/ml, and the Fecal Coliforms from 3 -53 CFU/ml. Note that as per the Total Coliform Rule implemented by the EPA in 1990, the accepted EPA standard for Fecal Coliforms in drinking water is 0/100 ml and in recreational water is 200 CFU/100 ml (2/ml). Thus, at times Fecal Coliform loads in the End Creek ponds are beyond the recommended safety margin. Although the restoration area is not utilized for recreation, it is used for research and educational field trips by Eastern Oregon University. These results suggest that appropriate care should be taken (such as hand-washing and avoiding activities that splash water into the face) when collecting samples for research or educational purposes.
While there are many published studies addressing coliform loads in wetlands, most occur during part of only one year and do not provide a multi-year perspective. Our study was conducted over a three-year period, providing us with the opportunity to make a longitudinal comparison of coliform numbers over a three-year period. The data show that in any given year, Fecal and Total Coliform populations vary from pond to pond, suggesting that the sources of coliforms are not the same for each pond. In some cases, there are significant differences from year to year while in others there are no significant differences from year to year (see ANOVA comparisons and Figure 4) . Results from ANOVA's and shown graphically in Figure 3 also indicate that there is a significant difference in Total Coliform numbers between the ponds on some dates within a given year, but not on other dates. Other studies have yielded similar results. For example, Dorsey et al. [13] showed that in the Ballona Wetlands saltwater marsh restoration site E. coli and Total Coliform populations vary not only from month to month, but also from hour to hour. Another study conducted in Saskatchewan, Canada, measured substantial monthly shifts in coliform numbers throughout a six-month monitoring period of a pond at the center of a prairie wetland [8] . An additional recent study [18] also detected significant fluctuation in coliform numbers in tidal wetlands, dairy wetlands, and artificial wetlands, and in some cases attributed these variations to precipitation (rainfall) events. These examples suggest that significant fluctuation of coliform populations is the norm, and our results appear to be no exception.
The data presented herein strongly suggest that coliform populations at End Creek fluctuate regularly throughout the spring and from year to year. While the flucuations are not unexpected, the causes of this fluctuation are difficult to firmly establish because tracking down sources of bacteria is a very difficult task. This task, termed source typing, is currently accomplished using cumbersome strategies that match antibiotic resistance profiles of potential source isolates with those in the waterways. A number of studies have been aimed at developing methods based upon Polymerase Chain Reaction for detecting strain specific differences in nucleotide sequence of the E. coli genome [19] [20] Johnson and Corsini unpublished data), but none of them appear to have sufficient resolution for accurate source-typing. However, despite the fact that the precise sources of coliforms at the End Creek site have not been identified, it is possible to comment in general about the fluctuating coliform numbers. All samples in our study were collected during spring snowmelt runoff, which was attended variably by rain and snow. The ponds were all swollen by spring flooding, which is expected to flush coliform bacteria out of the soil and feces from wild and domestic animals. Another factor contributing to fluctuating coliform numbers is the presence of waterfowl that use the ponds during their spring migration. Such waterfowl are known to harbor strains of Escherichia coli, for example O1:K1:H7 [21] , which are pathogenic to humans. Many other animals are known to reservoir Fecal Coliforms, including pond turtles [22] and even the common bullfrog, Rana catesbeiana [23] [24] . Since the restoration efforts began in 2006, the End Creek ponds have been overrun by large numbers of Rana catesbeiana and it is possible that some of the Fecal Coliform load that we have detected originates from those animals.
Conclusion
In conclusion, this study indicates that in the springtime, numbers of both Total Coliforms and Fecal Coliforms can vary significantly within a given pond and among ponds in restored wetlands. It is also apparent that these numbers sometimes don't vary significantly within and between some ponds. In addition, our study shows that coliform abundance in a given pond can vary from year to year within some ponds, and that in some cases there is no significant variation. These results are consistent with other recently published studies, and suggest that it is very difficult to predict Total Coliform and Fecal Coliform loads at any given time and in any given place.
